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(54) SEMICONDUCTOR ELEMENT AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the 
number of pits and provide a flatly grown layer, by 
stacking a buffer layer made of a III-V nitride 
semiconductor and a single crystal underlying 
layer made of an undoped III-V nitride 
semiconductor onto a substrate in this order. 
SOLUTION: After a non-single crystal AIGaN or 
AIN buffer layer 2 is formed on a substrate 1 in 
close contact thereto at a non-single crystal 
'3 growth temperature, the temperature is raised to 
a single crystal growth temperature to form an 
undoped single crystal underlying layer 3 on the 
buffer layer 2 in close contact thereto. Therefore, 
the number of pits may be reduced, and the single 
• • crystal underlying layer 3 having excellent 

crystallinity, surface property and flatness may be 
formed. As a result, the crystallinity, flatness and surface property of a grown layer made 
of a III-V nitride semiconductor formed on the underlying layer 3 are improved, and a 
good p-type layer may be obtained. Thus, the manufacturing yield of the semiconductor 
element may be significantly improved. In the case where the semiconductor element is a 
light-emitting device, a high optical output is enabled. 
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[Claim(s)] 

[Claim l] The semiconductor device characterized by having the single crystal substrate 
layer which consists of a buffer layer which consists of an III-V group nitride system 
semi-conductor on a substrate, and an III-V group nitride system semi conductor of 
undoping in the semiconductor device which consists of an III-V group nitride system 
semi-conductor in this sequence. 

[Claim 2] The semiconductor device according to claim 1 characterized by having the 
cladding layer of the 1st conductivity type which consists of an III-V group nitride system 
semi-conductor, the barrier layer which consists of an III-V group nitride system 
semi-conductor, and the cladding layer of the 2nd conductivity type which consists of an 
IIPV group nitride system semi conductor in this sequence on said single crystal substrate 
layer. 

[Claim 3] Said buffer layer is a semiconductor device according to claim 1 or 2 
characterized by consisting of a non- single crystal layer. 

[Claim 4] Said buffer layer is a semiconductor device claims 1 and 2 characterized by 
consisting of an A1N layer, or given in three. 

[Claim 5] Said buffer layer is a semiconductor device claims 1 and 2 characterized by 
consisting of an AlGaN layer, or given in three. 

[Claim 6] Said substrate layer is a semiconductor device claims 1, 2, 3, and 4 characterized 
by being a GaN layer, or given in five. 

[Claim 7] Said substrate layer is a semiconductor device claims 1, 2, 3, and 4 characterized 
by being an AlGaN layer, or given in five. 

[Claim 8] The manufacture approach of the semiconductor device characterized by growing 
up the single crystal substrate layer which consists of a buffer layer which consists of an 
III-V group nitride system semi-conductor on a substrate, and an III-V group nitride 
system semi-conductor of undoping in the manufacture approach of a semiconductor device 
of manufacturing the semiconductor device which consists of an III-V group nitride system 
semi conductor using vapor growth in this sequence. 

[Claim 9] The manufacture approach of a semiconductor device according to claim 8 that 
growth temperature of a buffer layer which consists of said III-V group nitride system 
semi-conductor is characterized by being non- single crystal growth temperature. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a semiconductor device and its 

manufacture approach. 

[0002] 

[Description of the Prior Art] Light emitting devices which consist of III-V group nitride 
system semi conductors, such as GaN, AlGaN, InGaN, or InAlGaN, such as light emitting 
diode and semiconductor laser, attract attention from luminescence of an ultraviolet region, 
especially blue luminescence being possible from blue with large luminescence 



2 



reinforcement by direct transition. 

[0003] Drawing 4 is the type section Fig. showing the conventional III-V group nitride 
system semi-conductor light emitting diode. 

[0004] For an InGaN barrier layer and 105, as for a p mold GaN contact layer and 107, a p 
mold AlGaN cladding layer and 106 are [ the n mold GaN contact layer a GaN buffer layer 
and whose 103 101 are also n mold cladding layers as for a sapphire substrate and 102, and 
104 / p lateral electrode and 108 ] n lateral electrodes among drawing 4 . 
[0005] Each class of **** light emitting diode is formed as follows. 

[0006] first, the sapphire substrate 101 top - the growth temperature of 600 degrees C - 
the GaN buffer layer 102 of a non-single crystal - MOCVD - it forms by law 
(metal- organic chemical vapor deposition). 

[0007] Next, in order to grow up the n mold GaN contact layer 103, a temperature up is 
carried out to the temperature of 1150 degrees C. This single -crystaHzes the GaN buffer 
layer 102, and a seed single crystal is grown up into a layer 102. Then, the n mold GaN 
contact layer 103 (growth temperature: 1150 degrees C), the InGaN barrier layer 104 
(growth temperature: 860 degrees C), the p mold AlGaN cladding layer 105 (growth 
temperature^ 1150 degrees C), and the p mold GaN contact layer 106 (growth temperature: 
1150 degrees C) are grown up in this sequence by the MOCVD method on the GaN buffer 
layer 102 which has this seed single crystal. 
[0008] 

[Problem(s) to be Solved by the Invention] However, many pits (hole etc.) occur in the 
above-mentioned GaN buffer layer 102, front- face nature (surface morphology) is bad, a pit 
occurs in the growth phase 103 formed on this buffer layer 102, i.e., n mold contact layer, a 
barrier layer 104, p mold cladding layer 105, and p mold contact layer 106, and surface 
smoothness falls remarkably. Consequently, leakage current occurred and also especially 
the layer formed on the GaN buffer layer 102 was difficult for n-carrier concentration to 
become three or more [ 1x1018cm - ], and to form p mold in the state of undoping. 
Therefore, property degradation of hardly emitting light arose and there was a problem 
that the manufacture yield was very bad. 

[0009] Such a problem is similarly produced, even if it replaces with a GaN layer and uses 

the A1N layer of a non-single crystal, and an AlGaN layer as a buffer layer 2. 

[0010] It is the purpose to offer the semiconductor device from which this invention is 

accomplished in view of an above-mentioned trouble, the number of pits is reduced and a 

flat growth phase is obtained, and its manufacture approach. 

[0011] 

[Means for Solving the Problem] The semiconductor device of this invention is 
characterized by having the single crystal substrate layer which consists of a buffer layer 
which consists of an III-V group nitride system semi-conductor on a substrate, and an III-V 
group nitride system semi-conductor of undoping in this sequence in the semiconductor 
device which consists of an III-V group nitride system semi-conductor. The semiconductor 
device of this invention means photo detectors, such as light emitting devices, such as a 
wafer, light emitting diode, and semiconductor laser, and a photodiode, etc. 
[0012] Furthermore, it is characterized by having the cladding layer of the 1st conductivity 
type which consists of an III-V group nitride system semi-conductor, the barrier layer 
which consists of an III-V group nitride system semi conductor, and the cladding layer of 
the 2nd conductivity type which consists of an III-V group nitride system semi conductor in 
this sequence on said single crystal substrate layer. In this case, it is used as light emitting 
devices, such as light emitting diode and semiconductor laser. 

[0013] Said especially buffer layer is characterized by consisting of a non-single crystal 
layer. 

[0014] Furthermore, said buffer layer is characterized by consisting of an A1N layer. 
[0015] Furthermore, said buffer layer is characterized by consisting of an AlGaN layer. 
[0016] Furthermore, it is characterized by said substrate layer being a GaN layer. 
[0017] Furthermore, it is characterized by said substrate layer being an AlGaN layer. 
[0018] Moreover, the manufacture approach of the semiconductor device of this invention is 
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characterized by growing up the single crystal substrate layer which consists of a buffer 
layer which consists of an III-V group nitride system semi conductor on a substrate, and an 
III-V group nitride system semi conductor of undoping in this sequence in the manufacture 
approach of a semiconductor device of manufacturing the semiconductor device which 
consists of an III-V group nitride system semi-conductor using vapor growth. 
[0019] Growth temperature of a buffer layer which consists of said III-V group nitride 
system semi-conductor especially is characterized by being non- single crystal growth 
temperature. 

[0020] Furthermore, as for said buffer layer, consisting of an AlGaN layer may be desirable, 
and an A1N layer is sufficient. 

[0021] Furthermore, as for said substrate layer, it is desirable that it is a GaN layer, and it 
is desirable also in an AlGaN layer. 

[0022] Furthermore, on said single crystal substrate layer, the cladding layer of the 1st 
conductivity type which consists of an III-V group nitride system semi-conductor, the 
barrier layer which consists of an III-V group nitride system semi-conductor, and the 
cladding layer of the 2nd conductivity type which consists of an III-V group nitride system 
semi -conductor may be formed by vapor growth in this sequence, and light emitting 
devices, such as light emitting diode and semiconductor laser, may be formed. 
[0023] The cladding layer of the 1st and 2nd conductivity type of the above has an AlGaN 
layer or a good GaN layer. 

[0024] When the above-mentioned buffer layer consists of AlxGal-xN (0< x<=l), as for 0.6 
or less [ 0.5 or more ], one or less [ 0.4 or more ] is [ aluminum presentation ratio x ] at best 
still more desirable. 

[0025] Moreover, the thickness of the above-mentioned AlxGal-xN (0< x<=l) buffer layer 
has the very desirable 80A or more range of 180A or less, and 90A or more 140A or less has 
90Aor more still more desirable still more desirable 160Aor less. 

[0026] As a buffer layer, the AlxGal-xN (x is abbreviation 0.5) layer of 110-120A of 
abbreviation is especially more preferably good lOOAor more 130Aor less thickness. 
[0027] In order to control that a configuration element is especially desorbed from said 
barrier layer, it is desirable to form the cap layer which is close all over said barrier layer 
top, and consists of an III-V group nitride system semi conductor. As for this cap layer, 
forming by vapor growth is desirable. 

[0028] Said especially barrier layer may contain In and may consist of an InGaN layer 
farther. 

[0029] As for said especially cap layer, it is desirable that a band gap is larger than said 
barrier layer. As for the band gap of this cap layer, it is more desirable that it is the middle 
magnitude of the band gap of a barrier layer and the cladding layer of the 2nd conductivity 
type. 

[0030] Furthermore, as for said cap layer, it is desirable that it is an undoping layer. 
[0031] Moreover, as for said cap layer, it is desirable to have the thickness more than the 
thickness which does not **** the quantum effectiveness. 
[0032] Said especially cap layer is characterized by being a GaN layer. 

[0033] Moreover, in the manufacture approach of a light emitting device of manufacturing 
the III V group nitride system semi conductor light emitting device which has the barrier 
layer which consists of InGaN using vapor growth, the cap layer which consists of GaN at 
700-degree-C or more growth temperature of 950 degrees C or less may be formed by vapor 
growth on said barrier layer. 

[0034] furthermore, the crystal growth temperature of said cap layer is below the 
temperature that a barrier layer can single crystal grow -- good - desirable - the growth 
temperature of a barrier layer, and abbreviation -- it is the same temperature. 
[0035] Since the time amount in which a configuration element may be desorbed from a 
barrier layer by following formation of said barrier layer and forming is almost lost, said 
cap layer is desirable. 

[0036] as the above-mentioned vapor growth - MOCVD - law is desirable. 
[0037] 
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[Embodiment of the Invention] The III-V group nitride system semi-conductor light 
emitting diode which is one gestalt of operation of this invention is explained to a detail 
using dr a win g 1 . 

[0038] The AlxGal-xN (0< x<=l) non-single crystal buffer layer of undoping of t A of 
thickness by which one was formed in the sapphire insulating substrate among drawing 1 , 
and 2 was formed on the substrate 1, The GaN single crystal substrate layer of undoping of 
0.2 micrometers of thickness by which 3 was formed on the buffer layer 2, The n mold GaN 
contact layer of Si dope which makes n mold cladding layer of 1.4 micrometers of thickness 
by which 4 was formed on the substrate layer 3 serve a double purpose, The InqGal-qN (q= 
0.05) barrier layer by which Zn and Si of 0.2 micrometers of thickness by which 5 was 
formed on n mold contact layer 4 were doped, The GaN cap layer of undoping of 200A of 
thickness which prevents crystal degradation of the InGaN barrier layer 5 by which 6 was 
formed on the barrier layer 5, The p mold AlzGal zN (z= 0.2) cladding layer by which Mg of 
0.15 micrometers of thickness with which 7 was formed on the cap layer 6 was doped, and 8 
are the p mold GaN contact layers by which Mg of 0.3 micrometers of thickness formed on 
p mold cladding layer 7 was doped. 

[0039] p lateral electrode which consists of Au by which 9 was formed in the part on p mold 
contact layer 8, and 10 are n lateral electrodes which consist of aluminum formed on n 
lateral electrode formation field which it was removed very much in the predetermined 
location in the layer of p mold contact layer 8 to n mold contact layer 4, and n mold contact 
layer 4 exposed. 

[0040] The manufacture approach of **** light emitting diode is explained. With this 
operation gestalt, each class is formed by the organic metal chemical-vapor-deposition 
method (MOCVD law). 

[0041] First, after installing a substrate 1 in organic metal chemical-vapor-deposition 
equipment, it changes into the condition of having held in the non-single crystal growth 
temperature of 600 degrees C, for example, growth temperature, (substrate temperature), 
and AlGaN or the A1N buffer layer 2 of a non- single crystal is grown up on a substrate 1 as 
carrier gas, using ammonia, trimethylgallium (TMG), or trimethylaluminum (TMA) as H2, 
N2, and material gas. 

[0042] Then, on a buffer layer 2, it changes into single crystal growth temperature and the 
condition of having held preferably in growth temperature of 1000-1200 degrees C, for 
example, 1150 degrees C, and the GaN substrate layer 3 of undoping of a single crystal is 
grown up as carrier gas, using ammonia and trimethylgallium (TMG) as H2, N2, and 
material gas. 

[0043] Then, on the substrate layer 3, it is in single crystal growth temperature and the 
condition preferably held in growth temperature of 1000-1200 degrees C, for example, 1150 
degrees C, and the n mold GaN contact layer 4 of Si dope of a single crystal is grown up as 
H2, N2, and material gas as carrier gas, using SiH4 as ammonia, trimethylgallium (TMG), 
and dopant gas. 

[0044] Next, on n mold contact layer 4, it changes into single crystal growth temperature 
and the condition of having held preferably in growth temperature of 700-950 degrees C, 
for example, 860 degrees C, and Si of a single crystal and the InGaN barrier layer 5 of Zn 
dope are grown up as H2, N2, and material gas as carrier gas, using SiH4 and diethylzinc 
(DEZ) as ammonia, triethylgallium (TEG), trimethylindium (TMI), and dopant gas. 
[0045] Then, on the InGaN barrier layer 5, it is in the condition held to single crystal 
growth temperature and the same desirable growth temperature as the 700-950 degrees C, 
for example, 860 degrees C, barrier layer 5, and the GaN cap layer 6 of undoping of a single 
crystal is grown up as carrier gas succeeding growth of a barrier layer 5, using ammonia 
and trimethylgallium (TMG) as H2, N2, and material gas. 

[0046] Then, it changes into single crystal growth temperature and the condition of having 
held preferably in growth temperature of 1000- 1200 degrees C, for example, 1150 degrees 
C, and uses Cp2Mg (magnesium cyclopentadienyD as ammonia, trimethylgallium (TMG), 
trimethylaluminum (TMA), and dopant gas as H2, N2, and material gas as carrier gas on 
the GaN cap layer 6, and the p mold AlGaN cladding layer 7 of Mg dope of a single crystal 
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is grown up. 

[0047] Next, it changes into single crystal growth temperature and the condition of having 
held preferably in growth temperature of 1000- 1200 degrees C, for example, 1150 degrees 
C, and uses Cp2Mg (magnesium cyclopentadienyl) as ammonia, trimethylgallium (TMG), 
and dopant gas as H2, N2, and material gas as carrier gas on p mold cladding layer 7, and 
the p mold GaN contact layer 8 of Mg dope of a single crystal is grown up. 
[0048] A substrate 1 is picked out from the above-mentioned equipment after the 
above-mentioned crystal growth, etching removal even of the layer middle of p mold 
contact layer 8 to n mold contact layer 4 is carried out by the reactant ion-beam-etching 
method (the RIE method), and n lateral electrode formation field which n mold contact 
layer 4 exposed is produced. 

[0049] And while activating the dopant of p mold contact layer 8 and p mold cladding layer 
7 and making it high carrier concentration, in order to recover crystal degradation by 
etching of n mold contact layer 4, heat treatment is performed for 30 - 60 minutes at 
700-800 degrees C among nitrogen-gas- atmosphere mind. 

[0050] Then, while forming the p lateral electrode 9 which consists of Au with vacuum 
deposition etc. on p mold contact layer 8, after forming the n lateral electrode 10 which 
consists of aluminum with vacuum deposition etc. on the above-mentioned n lateral 
electrode formation field of n mold contact layer 4, it heat-treats at 500 degrees C, ohmic 
contact of the n lateral electrodes 9 and 10 is carried out the p side, respectively, and the 
light emitting diode shown in drawing 1 is formed. 

[0051] Drawing 2 is the above-mentioned light emitting diode production conditions and 
these conditions. On the sapphire substrate 1 The AlxGal-xN (0< x<l) non-single crystal 
layer of undoping of Thickness t as a buffer layer 2, The value of FWHM (half-value width) 
of the X ray rocking curve which carried out X-ray irradiation of the GaN single crystal 
substrate layer 3 of undoping, and asked for it up to the substrate layer 3 of the wafer 
formed in this sequence is shown. And drawing 3 The value of FWHM of the X-ray rocking 
curve for which it asked by carrying out X-ray irradiation of the A1N non-single crystal 
layer of undoping of Thickness t and the GaN single crystal substrate layer 3 of undoping 
as a buffer layer 2 on the sapphire substrate 1 on these above-mentioned conditions to up 
to the substrate layer 3 of the wafer accomplished in this sequence is shown. 
[0052] When this drawing 2 and drawing 3 to the buffer layer 2 consists of AlxGalxN (0< 
x<=l), as for 0.6 or less [ 0.5 or more ], one or less [ 0.4 or more ] is [ aluminum presentation 
ratio x ] at best still more desirable. 

[0053] Moreover, since the above-mentioned AlxGal xN (0< x<=l) buffer layer 2 has the 
minimum point in [ 80A or more ] 180A or less, this range is very desirable and 90A or more 
140Aor less has 90Aor more still more desirable still more desirable 160Aor less. 
[0054] As a buffer layer 2, the AlxGal-xN (x is abbreviation 0.5) layer of 110-120A of 
abbreviation is especially more preferably good 100A or more 130A or less thickness. 
[0055] FWHM was good so that **** might show, moreover the pit was reduced and the 
GaN substrate layer 3 in which it was formed on the above-mentioned AlxGal xN (0< 
x<=l) buffer layer 2 had surface smoothness and very good surface morphology. 
[0056] For example, as a buffer layer 2, there is no pit in each growth phase which grew on 
the substrate layer 3, and it excels in surface smoothness and front-face nature very much, 
and there is no generating of the poor property by the leakage current resulting from a pit, 
moreover good p type layer is obtained, and the light emitting diode using the 
aluminum0.5Ga0.5N layer of undoping of 110A of thickness has a very good manufacture 
yield. 

[0057] Furthermore, in the light emitting diode of this operation gestalt, high power 
luminescence was realizable. The crystallinity of a barrier layer 5 is for ******** well by 
the substrate layer 3 with the good reason. 

[0058] By in addition, the configuration which has the GaN cap layer 6 of undoping formed 
in the InGaN barrier layer 5 by being close with this operation gestalt It is because it is 
controlled that In etc. is desorbed from a barrier layer 5, the number of the crystal defects 
of a barrier layer 5 decreases and crystalline degradation is controlled during formation of 
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a barrier layer 5, or after formation. Further The above-mentioned barrier layer 5 is 
because it was controlled that an impurity [ **** / un] is spread to this barrier layer 5, so it 
thinks since there are few crystal defects. 

[0059] Furthermore, since it is the so-called undoping layer formed without using a dopant 
intentionally, and diffusion of the impurity [ **** / un-] to a barrier layer 5 is fully 
controlled and a barrier layer 5 changes into a good condition further, the cap layer 6 of 
this operation gestalt can be attaining a high increase in power more. That is, since the 
impurity diffusion [ **** / un-] to a barrier layer 5 is notably controlled by the diffusion 
depressor effect of the impurity to the barrier layer 5 by what in the case of this operation 
gestalt the desorption of the configuration element from a barrier layer 5 was controlled, 
and the number of crystal defects of a barrier layer 5 reduced, and both the effectiveness of 
the diffusion depressor effect of the impurity to the barrier layer 5 by the cap layer 6 being 
an undoping layer, a high increase in power is more realizable with effectiveness. 
[0060] Thus, the variation in luminescence wavelength is small, a possibility of becoming 
misfire light does not almost have it, either, moreover, the light emitting diode of this 
operation gestalt has notably large luminescence reinforcement, and its manufacture yield 
is also very good. 

[0061] on the other hand -- the non- single crystal GaN buffer layer of undoping of 200A of 
thickness (optimum value) on the sapphire substrate 1, and the GaN substrate layer of the 
single crystal of undoping of 1.2 micrometers of thickness - MOCVD -- although FWHM of 
the X-ray rocking curve for which it asked by carrying out X-ray irradiation to up to the 
GaN substrate layer of the wafer which grew by law was able to acquire about 410 sec(s) 
and a very small value, many pits occurred and the component manufacture yield using 
this wafer was remarkably bad. 

[0062] Moreover, also when the GaN non- single crystal buffer layer of undoping, the 
AlGaN non-single crystal buffer layer of undoping, or the A1N non-single crystal buffer 
layer of undoping was used without using a substrate layer, the component manufacture 
yield was remarkably bad. 

[0063] By the manufacture approach of an above-mentioned light emitting diode, after it is 
[ the buffer layer 2 of a non-single crystal ] close and forming it at non-single crystal 
growth temperature on a substrate 1, since adhesion formation of the GaN single crystal 
substrate layer 3 of undoping on a buffer layer 2 is carried out where temperature up 
maintenance is carried out at single crystal growth temperature, the number of pits can be 
reduced, and the single crystal substrate layer 3 in which crystallinity, front-face nature, 
and surface smoothness were very excellent can be formed. Consequently, since the 
crystallinity, surface smoothness, and front-face nature of each class formed on this 
substrate layer 3 become very good, p type layer good [ both ] whose yield improves is also 
obtained. 

[0064] Since especially manufacture of**** light emitting diode can prevent the desorption 
of the configuration element from the InGaN barrier layer 5 after it forms the cap layer 6 
while it can control the desorption of the configuration element of the InGaN barrier layer 

5 in case it forms this cap layer 6 since it grows up the GaN cap layer 6 of undoping to be 
right above [ whole InGaN barrier layer 5 surface ] below at the temperature in which the 
crystal growth of the InGaN barrier layer 5 is possible, it is the desirable manufacture 
approach. 

[0065] especially - this operation gestalt - the growth temperature of a barrier layer 5 and 
the cap layer 6 - abbreviation *• since it grows up continuously as the same, the desorption 
of the configuration element from a barrier layer 5 can fully be controlled. 
[0066] In addition, in ****, although it was larger than the case where there is no cap layer 

6 when thickness of the cap layer 6 was made into 100A to the luminescence reinforcement 
when making thickness of the cap layer 6 into 200A being 340 (arbitration unit), 
luminescence reinforcement became 36 (arbitration unit) and abbreviation 1/10. Moreover, 
they were 0.8 times when 1.4 times when making thickness into 200A when thickness of 
the cap layer 6 is made into 300A, and thickness were made into 400A. This shows that the 
thickness of the cap layer 6 has desirable effectiveness by 200-400A, and it can be said that 
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more than the thickness of the thickness of the cap layer 6 that does not have the quantum 
effectiveness ****** is desirable. 

[0067] In addition, as a single crystal substrate layer 3 of undoping, although an AlGaN 
layer besides a GaN layer is sufficient, an A1N layer is not desirable. 

[0068] Next, III-V group nitride system semi conductor luminescence die 00 concerning 
the 2nd operation gestalt of this invention is explained. 

[0069] As a cap layer 6, the point that this operation gestalt differs from the 1st gestalt is 
replaced with the GaN layer of undoping, and is a point using the AluGal-uN layer (l u 
abbreviation 0. 0.2) of undoping of 200A of thickness, this AluGal-uN layer - MOCVD - it 
forms by law having - growth temperature - single crystal growth temperature - it is 
700 950 degrees C, for example, 860 degrees C, preferably, and H2, N2, and material gas of 
carrier gas are ammonia, trimethylgallium (TMG), and trimethylaluminum (TMA). 
[0070] Compared with the case where there is no cap layer 6 also in this case, luminescence 
reinforcement became large notably and its manufacture yield also improved. 
[0071] However, compared with the time of presupposing that luminescence reinforcement 
in case the GaN cap layer 6 of undoping is 200A is 450 (arbitration unit) with the 1st 
operation gestalt, the luminescence reinforcement in the case of being the AluGal-uN cap 
layer 6 of undoping whose u is about 0.1 was 190 below one half (arbitration unit). 
[0072] Furthermore, the luminescence reinforcement in the case of being the AluGal-uN 
cap layer 6 of undoping whose u is about 0.2 was 1/3 in case u is 0.1. 

[0073] It is good to make it smaller [ as for the magnitude of the band gap of the cap layer 6, 
it is desirable that it is between the band gaps of a barrier layer 5 and p mold cladding 
layer 7, and / moreover the cap layer 6 has most desirable GaN, and ] than the band gap of 
p mold cladding layer 7, also when using an AluGal uN layer from an above-mentioned 
thing. 

[0074] Moreover, although the barrier layer 5 is formed in right above [ n mold contact 
layer 4 ], an n mold AlGaN cladding layer may be made to intervene in **** between the 
above-mentioned n mold contact layer 4 and a barrier layer 5. 

[0075] Although the barrier layer of the non-quantum well structure which is not quantum 
well structure as a barrier layer 5 was used with each above-mentioned operation gestalt 
Of course, single quantum well structure and multiplex quantum well structure may be 
used, for example, the single quantum well structure and the InsGal-sN (l> s> 0) 
quantum well layer which consist of an InsGal-sN (l> s> 0) quantum well layer, and an 
InrGal rN (l>s>r>=0) quantum barrier layer - since - it is good also as becoming 
multiplex quantum well structure. 

[0076] Although each above-mentioned operation gestalt described the light emitting 
device equipped with the semi-conductor layer on the insulating substrate, it may have a 
semi conductor layer on conductive substrates, such as a SiC substrate, and you may make 
it the light emitting device which has an electrode on the maximum upper layer of this 
semi-conductor layer, and the inferior surface of tongue of a substrate. 

[0077] Moreover, although the barrier layer and p mold cladding layer were formed in this 
sequence on n mold cladding layer by ****, you may make it form a barrier layer and n 
mold cladding layer in this sequence on p mold cladding layer, namely, **** is good also as 
a reverse conductivity type. 

[0078] Moreover, with each above-mentioned operation gestalt, although the light emitting 
diode of double hetero structure was described, this invention is applicable also to the light 
emitting diode which consists of simple pn junction, and also applicable to semiconductor 
devices, such as photo detectors, such as light emitting devices, such as semiconductor 
laser other than light emitting diode, and a photodiode. 

[0079] In addition, although 0.2-micrometer thickness was used as a substrate layer 3 in 

****, it can change suitably in hundreds of A - thousands of A. 

[0080] 

[Effect of the Invention] Since the semiconductor device of this invention is equipped with 
the single crystal substrate layer which consists of a buffer layer which consists of an III-V 
group nitride system semi conductor on a substrate, and an III-V group nitride system 
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semi-conductor of undoping in the semiconductor device which consists of an III-V group 
nitride system semi-conductor in this sequence, the number of pits reduces this single 
crystal substrate layer, and crystallinity, surface smoothness, and front- face nature become 
good. Consequently, while the crystallinity, surface smoothness, and front-face nature of 
the growth phase which consists of an III-V group nitride system semi-conductor formed on 
this single crystal become good, good p type layer is also obtained. 

[0081] Therefore, the manufacture yield of a semiconductor device can be improved sharply. 
And when a semiconductor device is a light emitting device, a high optical output is 
possible. 

[0082] When it has the cladding layer of the 1st conductivity type which consists of an III-V 
group nitride system semi-conductor, the barrier layer which consists of an III-V group 
nitride system semi conductor, and the cladding layer of the 2nd conductivity type which 
consists of an III-V group nitride system semi-conductor in this sequence, while being able 
to abolish generating of the leakage current resulting from a pit and being able to improve 
the manufacture yield sharply on said single crystal substrate layer especially, light 
emitting devices, such as light emitting diode with large luminescence reinforcement and 
semiconductor laser, can be offered. 

[0083] Since said especially buffer layer fully functions as a buffer layer when consisting of 
a non- single crystal layer, it can improve the manufacture yield notably. 
[0084] Furthermore, said buffer layer can improve the manufacture yield more, when 
consisting of an A1N layer. 

[0085] Said especially buffer layer can improve the manufacture yield more preferably, 
when consisting of an AlGaN layer. 

[0086] Furthermore, said substrate layer can improve the manufacture yield preferably, 
when it is a GaN layer. 

[0087] Moreover, said substrate layer can improve the manufacture yield preferably, when 
it is an AlGaN layer. 

[0088] Moreover, in the manufacture approach of a semiconductor device of manufacturing 
the semiconductor device which consists of an III-V group nitride system semi-conductor 
using vapor growth, since the manufacture approach of the semiconductor device of this 
invention grows the single crystal substrate layer which consists of a buffer layer which 
consists of an III-V group nitride system semi-conductor on a substrate, and an III-V group 
nitride system semi-conductor of undoping in this sequence, it can make good the 
crystallinity of a single crystal substrate layer, and front-face nature. Consequently, since 
the crystallinity, surface smoothness, and front- face nature of the growth phase which 
consists of an III-V group nitride system semi-conductor formed on this single crystal 
substrate layer become good, the manufacture yield of a semiconductor device can be 
improved. 

[0089] When the growth temperature of a buffer layer which consists of said III-V group 
nitride system semi-conductor especially is non-single crystal growth temperature, the 
manufacture yield of a semiconductor device can be improved preferably. 
[Brief Description of the Drawings] 

fDrawing ll It is the type section Fig. of the light emitting diode of the 1st operation gestalt 
of this invention. 

fDrawing 21 In the wafer which carried out covering formation of the AlGaN buffer layer of 
undoping on a substrate, and the GaN substrate layer of undoping at this order, it is 
drawing showing the relation between the thickness of a buffer layer, and FWHM of an 
X-ray rocking curve. 

[Drawing 31 In the wafer which carried out covering formation of the A1N buffer layer of 
undoping on a substrate, and the GaN substrate layer of undoping at this order, it is 
drawing showing the relation between the thickness of a buffer layer, and FWHM of an 
X-ray rocking curve. 

[Drawing 4l It is the type section Fig. of the conventional light emitting diode. 
[Description of Notations] 
1 Substrate 
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2 AlGaN Buffer Layer of Undoping 

3 GaN Single Crystal Substrate Layer of Undoping 

4 N Mold GaN Contact Layer (N Mold Cladding Layer) 

5 InGaN Barrier Layer 

6 GaN Cap Layer of Undoping 

7 P Mold AlGaN Cladding Layer 
[Drawing 1] 
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JPO and NCIPI are not responsible for any damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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0 0 Ai:bfel$©$g;ft3£jK#3 4 0 (fiE3»*ffi) T-fcS 

©£*fL-^ rmGvmm-* 1 o o AhifeR 

#3 6 (HMmtiL) tn&l'O^CDlfcJ&ofc. 
•fry 7T1 6 ©B^^ 3 0 0 At bfeRFtt, iiiP^ 2 0 0 
Aibfe^Ol. 4 ASK )1JPS:4 0 0Ai:bfe^ii, 
0. 8fgT*Sofco d©Ci;*e.> ^^716 011 
tt, 2 0 0~4 0 0AffotU^*^5;i:A s fl 
t) > v 7m 6 ©JliPfifi^m* 5 ^ D«:V%JiJPfel. 

[0 0 6 7] (Bfi, T> K-7®fgiTttl 3 i: UT 
tt. GaNlOli^ AlGaNfffeiU^ A 1 N 
b < Jfcv^o 

[0 0 6 8] *C X *»W©»2O|tEM0K!BC««III 

[0 0 6 9] 1 OKltS^^^lt =<r 

^y:/J16i;bT, T> K— ^©GaNJl^ft^TJlJP 
2 0 0A©7> K-70AluGa l - u NI (uf£B&0. 
Is 0. 2) fcfl§V>;fcj*H?*S. '©A l u Gai-uNi 

feMocvDisciOM^ ^ftiajgii, #^a^ 

liSS, if* b<(±7 0 0~9 5 0°C, 0iJ^.{S8 6O"C 

7-, h'J^^;U^U>7A (TMG) , bVtWTJUK 

(TMA) T-fc5. 
[0 0 7 0] iCD»^t», ^+^7-Ji6#^^*^{ctfc 

bfeo 

[007 1] b^b^* 5 ^, mimm3&mx-7>> v-r 

OGaN*w716*s2'0 0A©^MIiS4 5 

0 T-feSi:b7c^tcit^T. uirtftO. 1 
T-$57> K — 7*©A l„Ga.-„N^ v 6 ©iS^- 

to 

[0 07 2] St, u* s ^0. 2tfe5 7>K-7©A 

1 uG a ,-oN * 71 6 Og^O^^SSIo:, u# 
0. l©I^©3^1ffeof; t 
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[0 0 7 3] ±m<DZtfrt>, **v7mGV»*>Y*r 
+ v 7<D±% £ &r£ft/I 5 t p MP z> y HJg 7 <D^ > K 

ttGaNAiti^K, AluGaa-uNI^ffltS 
S^-tC 6 p ^ y KJg 7 ©M > K if* v 7 J; t) /Jn£ < 

[0 0 7 4] ±MT-tt, nl3>^^ M4g± 

C?§ttJ15£ffl^bT^-3#, ±§3nS=i><5'^ hS4 
trSttJf 5©RSCng9AlGaN^y K Jl -fr 
T&«fcV>. 10 

[0 0 7 5] ±I3#512©fc!BT*tt, 5hlTif 

£<, In.Gai-.N (l>s>0) S^#p 

ifr?>&5#-l?#Plj|, I n.Ga.-.N (l>s 
>0) IfffpltlnrGa^N (l>s>r^0) 

4 if s> fc s #itf #pmm. h b -r «t <^ . 

[0 0 7 6] ±§B«-IISf6B^T-(i, *&ft*|g±£*3»#: 

mzffiz-tz&ytm^id^T&^tzifi, s i c*«^© 

i:Sffi©Tffllcm®^*1-S#g^^tc bt & «fcu. 
[0 0 7 7] ±MT-tt, nl^9 h*Jf ±trS& 

s> KJf±tr£f&I, h-«^c©]IIJ?T-^-r 

[0078] ±itenmmmx-i*. ^zr>v^u 

h *V Kft if©§7teSS?^fe £©^3lf*f!?^t & 

[0 07 9] ^ ±3zET-{iT%il3 i:UTs 0. 
©JfJS£/3^;fe# s ^HA~|£^A©i5HT-MJ:^SqI 

[0 0 8 0] 

[3^©$jig] ^B^©^^^?fi, III-Vfi£^b 

m&*m&frt>tfiZ¥m»m?izi5^T. Mg_tt, n 

£C©]WyT-<»;i£©T% 3©#i^«TmJl{ity MS 
c©JiM£ll±£ff2j&£*i,sill-VBt^b^ 

m*£#a»e>fc£j&KJi©Si§»£, s^ass 

[0 0 8 1] tot, ¥*tt*?<Z>Cli&*&S£ 9 

[0 0 8 2] ^tc, Bui3^ST%Ji±tc, III-Vg= 

l#iS0^7 KS. Ill 50 
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- vmM{t®>m*igfofr t>tnz> , &mu-vm 
mmz-ffi x 5 tnteaifc'j-^ ««e©$8£ 

tf & if©#g7te*??£*i{*T- § § . 
[0 0 8 3] #tc x WK^y 7 rJltt^^ffiii^e.* 

[0 0 8 4] It, UMBOS' 7TJl«iA 1 NI*t,*5 

[0 0 8 5] #t, SulB^'y 7T«iiA 1 G aNS*>e> 

[0 0 8 6] It, WETflMittG a NJBTf 
«iS*B* 5 * b < (S]±T* § 5 » 
[0 0 8 7] BMBTJftMttA 1 GaNI«5S 

S3t*g£>)£8 : £b<[Rj±T-££. 
[0 0 8 8] $fc N *«ljB©i|£i&f**?©»362r8iHU 

HSVT > F - 7-© 1 1 1 - VflUiMb*lJR*SW** 6 Jfc S 
**£ST*S£c:©HRJ?-efijyiT5©T-, #^«T%ii 
fflS H B B ttM«Stti£Sfftf&5. 'ffl^Ss 3©# 

^m~f^m± izmmz n 5 in - v^bft^^tft* 

[0 0 8 9] BrfBIII-V»0B[flsi»»*«{**e» 

■ [0 2] SS±C7> K-7CDAlGaN^y7 7iX 
IfT> K-^©QaNTft«*C©JlBJc««^J58bfc»> 

r CD F W H M || ^ § ^ f 0 T- ^> o 
[mS] i«±t7>K-7©AlNA'^7 7lW7 

[flF*©BHB] 

1 aw 

2 T> K — rcDA 1 GaN/^^^^jl 

3 T> K-^GaN^eBTflfeJB 

4 nSGaN3>*^ hS (nS^?^ Kjf) 

5 InGaNSSi 
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7 pMAlGaN^7^ KJf 
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9-293897 

12 




[B2] 



[13] 



600 



550 



500 



? 450 



400 




80 100 120 140 . 160 160 
AINArx 7 t- « (A) 




350 L 



60 80 100 120 140 160 180 200 220 
AlGaN j*y IrmnmW (A) 



107 



CE14] 



1 06 




1 03 



7d> h^—wmz 



(72)»H# A* 



